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© Fuel cell. 


© A fuel cell having an electrolytic layer (1), an 
oxygen electrode (2) attached to one face of the 
electrolytic layer, a fuel electrode (3) attached to the 
other face of the electrolytic layer, a separator (4) 
formed of electrically conductive material and dis- 
posed in opposition to the oxygen electrode to be 
electrically connected therewith, an oxygen-contain- 
ing gas flow passage (a) formed between the oxygen 
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electrode and the separator, and a conductive mem- 
ber (5)' disposed in the oxygen-containing gas flow 
passage. The conductive member is formed of flexi- 
ble material and separately from the oxygen elec- 
trode and the separator for connecting entire or 
partial faces respectively of the oxygen electrode 
and the separator with each other. 
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FUEL CELL 


BACKGROUND OF THE INVENTION 


1 FIELD OF THE INVENTION 

The present invention relates to a fuel cell, and 
more particularly to a fuel cell including a solid 
electrolytic layer, an oxygen electrode attached to 
one face of the electrolytic layer, a fuel electrode 
attached to the other face of the electrolytic layer 
and a conductive separator provided to be elec- 
trically connected with the oxygen electrode. 


2 DESCRIPTION OF THE PRIOR ART 

In a known flat plate type fuel cell of the above- 
noted type, as illustrated in Fig. 15, an oxygen 
electrode 2 (or a fuel electrode 3) or a separator 4 
integrally forms a plurality of ribs 7 thereon for 
sectioning into a plurality of flow passages an 
oyxgen-containing gas flow passage 'a* (or a fuel 
flow passage 'g') between the oxygen electrode 2 
(or the fuel electrode 3) and the separator 4. Then, 
as the oxygen electrode 2 (or the fuel electrode 3) 
and the opposing separator 4 are connected with 
each other through the plurality of ribs 7, the elec- 
tricity flow passage between the electrode 2 or 3 
and the conductive separator 4 may be enlarged in 
area 

incidentally, the separator 4 functions not only 
as a sectioning means for sectioning the oxygen- 
containing gas flow passage 'a' (or the fuel flow 
passage 'g') into a plurality of passages but also as 
a cell terminal for obtaining electric current from 
the oxygen electrode 2 (or the fuel electrode 3) 
facing the oxygen-containing gas flow passage 'a 1 
(or the fuel flow passage 'g'). Reference numeral 1 
in Fig. 15 denotes an electrolytic layer. 

However, if the oxygen electrode, fuel elec- 
trode, separator and the electrolytic layer are 
formed respectively of a thin plate element or a 
film element (a very thin film having a thickness in 
the order of some microns), the cell construction 
becomes extremely minute and complicated, 
whereby a very high manufacturing precision will 
be needed. Then, if the above-described construc- 
tion is employed for such case, it is technically 
very difficult to form the plurality of ribs integrally 
with the electrode or the separator so that all the 
ribs may provide proper electrical connection. 
Therefore, this conventional construction has often 
proved infeasible in such case. 

Further, when the fuel cell is under operation 
for electricity generation, there occurs thermal 


strain between the oxygen electrode (or the fuel 
electrode) and the separator because of the rigidity 
of the construction. Then, again if the oxygen elec- 
trode, fuel electrode, separator and the electrolytic 

5 layer are formed respectively of a thin plate or film 
element to make up the conventional construction 
and the oxygen or fuel electrode and the separator 
are rigidly connected with each other through the 
ribs, thermal strain acts on the thin and weak plate 

70 or film elements, whereby there occurs quick qual- 
ity, hence, performance deterioration or even dam- 
age in the cell construction. 

With view to the above-described shortcomings 
of the prior art, the primary object of the present 

75 invention is to provide an improved fuel cell free 
from the above-described problems even if its 
structure elements such as the oxygen electrode, 
fuel electrode, separator and the electrolytic layer 
are formed respectively of a thin plate or film 

20 element. 


SUMMARY OF THE INVENTION 

25 In order to accomplish the above-noted object, 
a fuel cell relating to a first preferred embodiment 
of the present invention, comprises: an electrolytic 
layer; an oxygen electrode attached to one face of 
the electrolytic layer; a fuel electrode attached to 

30 the other face of the electrolytic layer; a separator 
formed of electrically conductive material and dis- 
posed in opposition to the oxygen electrode to be 
electrically connected therewith; an oxygen-con- 
taining gas flow passage formed between the oxy- 

35 gen electrode and the separator; and a conductive 
member disposed in the oxygen-containing gas 
flow passage, the conductive member being 
formed of flexible material and separately from the 
oxygen electrode and the separator for connecting 

40 entire or partial faces respectively of the oxygen 
electrode and the separator with each other. 

Further, a fuel cell relating to a second pre- 
ferred embodiment of the present invention, com- 
prises: an electrolytic layer; an oxygen electrode 

45 attached to one face of the electrolytic layer; a fuel 
electrode attached to the other face of the electro- 
lytic layer; a separator formed of electrically con- 
ductive material and disposed in opposition to the 
fuel electrode to' be electrically connected there- 

50 with; a fuel flow passage formed between the fuel 
electrode and the separator; and a conductive 
member disposed in the fuel flow passage, said 
conductive member being formed of flexible ma- 
terial and separately from the fuel electrode and 
the separator for connecting entire or partial faces 
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respectively of the fuel electrode and the separator 
with each other. 

With the above-described characterizing fuel 
cell constructions of the invention, in the oxygen- 
containing gas flow passage (or the fuel flow pas- 
sage in the second embodiment) for partially con- 
necting the opposed pair of the separator and the 
oxygen electrode (the fuel electrode in the second 
embodiment), a plurality of the conductive mem- 
bers are provided apart from each other. And, 
since each of these conductive members is formed 
of flexible material and separately from the separa- 
tor and the oxygen electrode (or the fuel elec- 
trode), the manufacture of the separator and the 
oxygen electrode (or the fuel electrode) has be- 
come very easy. Further, the flexibility of the con- 
ductive member serves to absorb manufacturing 
tolerance If any. Thus, it is easy to maintain proper 
electrical connection between the separator and the 
oxygen electrode (or the fuel electrode). 

The flexibility of the conductive member also 
serves to absorb the aforementioned thermal strain 
occuring during operation of the fuel cell. Accord- 
ingly, compared with the conventional construction 
where the separator and the oxygen electrode (or 
the fuel electrode) are rigidly connected with each 
other through the ribs, the fuel cell construction of 
the present invention is more resistant against 
quality deterioration or damage of the construction 
due to repeated thermal expansion and contraction. 
Consequently, the fuel cell of the invention pro- 
vides an extended period of service life. 

According to a further embodiment of the 
present invention, the conductive member is 
formed of La compound, or preferably of a felt 
material of LaMnOa or of Ni-based alloy or of Co- 
based alloy. These kinds of material are all supe- 
rior in the anti-oxidation property in oxidizing at- 
mosphere. Therefore, the invention's fuel cell ac- 
corded with this additional feature will achieve ex- 
cellent durability against oxidation and reliable 
maintenance of the performance of the flexible 
conductive member. 

Moreover, if the Ni-based alloy or the Co- 
based alloy is employed for forming the conductive 
member, a further advantage will accrue. That is, 
as the cell temperature becomes even and uniform, 
the cell will achieve improved electricity generation 
performance and also improved durability. Further, 
as the oxygen-containing gas will provide greater 
cooling effect per unit, the total feed amount of the 
oxygen-containing gas may be reduced. Conse- 
quently, a heat exchanger used for providing pre- 
heating effect by the exhausted oxygen-containing 
gas may be formed smaller, and the heat loss due 
to gas exhaustion will be advantageously reduced. 

In addition, in the cell construction of the sec- 
ond embodiment of the present invention, the con- 


ductive member is disposed in the fuel flow pas- 
sage having oxidizing atmosphere. Then, if the 
conductive member is formed of a felt material of 
Ni (including both pure metal and alloy), since the 

5 Ni-based felt member has good corrosion resis- 
tance against oxidizing atmosphere as described 
above, the entire cell will achieve improved durabil- 
ity against oxidation, and the flexible conductive 
member can perform properly for an extended 

70 period of time. 

In any one of the abov-described cell construc- 
tions of the present invention, if the separator is 
formed of LaCr03 , the separator acquires high 
corrosion resistance in both high temperature oxi- 

is dizing atmosphere of the oxygen-containing gas 
flow passage and high temperature reducing at- 
mosphere of the fuel flow passage. Accordingly, 
the fuel cell having this separator will achieve fur- 
ther improvement in its durability because of the 

20 increased oxidation resistance and oxidation-reduc- 
tion resistance and can perform properly as a cell 
terminal for an extended period of time. 

According to one advantageous feature of the 
present invention, in any one of the above-de- 

25 scribed cell constructions of the invention, the elec- 
trolytic layer comprises a plate element formed of 
2r0 2 (preferrably having tetragonal structure) with 
solid solution of Yt (preferably, not less than 2 
mol% and not more than 4 mol%). ZrCb with solid 

30 solution of Yt has good mechanical strength. Ac- 
cordingly, the fuel cell using such electrolytic layer 
in its multi-layered construction formed of a plural- 
ity of thin plate or film elements also will achieve 
superior mechanical strength. Further, with such 

35 increased machanical strength of the electrolytic 
layer, the manufacture of the cell construction will 
be also facilitated, since the multi-layered assem- 
bly can be easily formed by affixing the oxygen 
electrode, the fuel electrode, the flexible conductive 

4o member and the separator one after another on the 
electrolytic layer. 

According to another advantageous feature of 
the invention, the oxygen electrode is formed of La 
compound while the fuel electrode, is formed of 

45 cermet of Ni and Zr02. That is, the oxygen elec- 
trode, which faces the oxygen-containing gas flow 
passage having the oxidizing atmosphere, acquires 
good oxidation resistance because of its La com- 
pound content. Whereas, the fuel electrode, which 

so faces the fuel flow passage, acquires good 
oxidation-reduction resistance becuase of its cer- 
ment of Ni and Zr02. 

According to still another advantageous feature 
of the invention, a water-cooling pipe is disposed in 

55 the oxygen-containing gas flow passage or the fuel 
flow passage. As the water-cooling pipe effectively 
cools the cell construction, it becomes possible to 
significantly reduce the feed amount of the oxygen- 
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containing gas down to an ideal amount essential 
for electricity generation, and the gas exhaust 
amount can be significantly reduced accordingly. 

That is to say, with such significant reduction in 
the feed amount and exhaust amount of the 
oxygen-containing gas, it becomes possible to form 
compact and inexpensive the heat exchanger used 
for pre-heating process of the oxygen-containing 
gas by means of the exhaust gas. As a result, the 
entire system will achieve cost reduction and in- 
stallation space reduction. Moreover, with the geat 
reduction of the exhaust gas, damage by exhaust 
heat can be minimized, such that the thermal effi- 
ciency will improve and running costs will be re- 
duced. 

According to a still further feature of the inven- 
tion, a felt type conductive member is disposed in 
the oxygen-containing gas flow passage or the fuel 
flow passage so as to be exposed to the fuel 
electrode, separator and also to the water-cooling 
pipe. With this feature, it becomes possible to 
attach the water-cooling pipe to the cell by the 
effect of the conductive member and also to pro- 
mote heat conduction from the oxygen electrode or 
the fuel electrode to the water-cooling pipe thereby 
advantageously enlarging the section area of the 
electicity flow passage formed be twe en the oxy- 
gen electrode or the fuel electrode and the separa- 
tor. 

According to a still further feature of the 
present invention, the water-cooling pipe is at- 
tached to the cell by means of the conductive 
member and the cooling pipe is formed as a wind- 
ing pipe. With this feature, the manufacture of the 
cell construction will be greatly facilitated, as com- 
pared e.g. with a case where a plurality of straight 
water-cooling pipes are supported by means of a 
header inside the cell construction. Further, with 
the aid of the heat-conduction promoting effect of 
the conductive member, the water-cooling pipe can 
cool the oxygen electrode or the fuel electrode 
more efficiently. Moreover, because of the in- 
creased cross section area of the electiricy pas- 
sage by the effect of the conductive member, a 
plurality of cells may be connected in series with 
each other by using the separators. As a result, the 
entire fuel cell assembly can collect electric power 
more efficiently. 

In summary, the present invention has. fully 
achieved its intended object of providing an im- 
proved fuel cell which is economical in installation 
and running and is compact and also which is 
superior in cooling performance and electricity col- 
lecting performance. 

Further and other objects, features and effects 
of the invention will become apparent from the 
following more detailed description of the embodi- 
ments of the invention with reference to the accom- 


panying drawings. 


BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Accompanying drawings Figs. 1 through 14 
illustrate preferred embodiments of a fuel cell relat- 
ing to the present invention; in which, 

Fig. 1 is a front view of a fuel cell according to 
io one embodiment of the invention, 

Fig. 2 is a partially cutout side view of the fuel 
cell, 

Fig. 3 is a partially cutout plane view of the fuel 
ceil, 

Fig. 4 is an exploded perspective view of the 
fuel cell, 

Fig. 5 is a front view illustrating a multi-layered 
inner construction of the fuel cell, 
Fig. 6 is a side view illustrating the multi-layered 
inner construction of the fuel cell, 
Fig. 7 is a front view illustrating an assembly 
consisting of a plurality of the multi-layered in- 
ner constructions of the fuel cell, 
Fig. 8 is a partially cutout perspective view 
showing a fuel cell according to another embodi- 
ment of the present invention, 
Fig. 9 is a perspective view of a mulit-layered 
inner construction of the fuel cell of Fig. 8, 
Fig. 10 is a partially cutout perspective view 
showing a fuel cell according to still another 
embodiment of the present invention, 
Fig. 11 is a cross section of a fuel cell assem- 
bly, 

Fig. 12 is a section view taken along a line XII- 

XII of Fig. 11, 

Fig. 13 is a section view taken along a line XIII- 

XIII of Fig. 11, 

Fig. 14 is a partially cutout perspective view 
showing a fuel cell according to a still further 
embodiment of the present invention, and 
Fig. 15 is an exploded perspective view showing 
a fuel cell of the prior art. 


DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiments of a fuel cell relating to 
the present invention will be particularly described 
hereinafter with reference to the accompanying 
drawings. 

Figs. 1 through 4 illustrate a construction of a 
fuel cell C (single cell). This fuel cell C includes, as 
its electricity generating unit, a three-layered con- 
struction consisting of a plate type solid electrolytic 
layer 1 , a film or plate type air electrode (oxygen 
electrode) 2 affixed to one face of the electrolytic 
layer 1 and of a film or plate type fuel electrode 3 
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affixed to the other face of the electrolytic layer 1 . 

Further, a separator 4 is attached to the above 
electricity generating unit in such a manner as to 
oppose to the air electrode 2. and there is formed 
an air flow passage 'a* (oxygen-containing gas flow 
passage) between the separator 4 and the air elec- 
trode 2. 

The separator 4 integrally includes, at its op- 
posed side edges, band ridges 4a for each to be 
connected with a side edge of the air electrode 2 
opposing thereto. Accordingly, as these band 
ridges 4a seal the side edges of the air flow 
passage 'a', an entire periphery of the cell con- 
struction along the air flow passage 'a' is formed 
as a fuel flow passage 'g' separated from the air 
flow passage T a\ 

The separator 4 functions not only as a sec- 
tioning means for sectioning the air flow passgae 
'a' but also as a cell terminal for obtaining electric 
current from the air electrode 2 opposing the air 
flow passage 'a'. In the air flow passage 'a', there 
are dispersed, in parallel with the flow direction of 
the air flow passage 'a*, a plurality of band-shaped 
conductive members 5 for providing partial connec- 
tion between the separator 4 and the air electrode 
2. As these band-shaped conductive members 5 
connect the separator 4 with the air electrode 2 at 
a plurality of points, there is formed an electric 
current passage having a large area between the 
air electrode 2 and the separator 4. 

The band-shaped conductive member 5 is 
formed of such material as having good corrosion 
resistance in the air flow passage 'a' i.e. in the 
oxidizing atmosphere, for example, an La com- 
pound such as LaMn03 , an Ni-based alloy or a 
Co-based alloy. Further, this material for forming 
the conductive member 5 is employed in the form 
of a felt type member so as to compensate possi- 
ble manufacturing tolerance of the cell construction 
(i.e. irregularity in the distance between the air 
electrode 2 and the separator 4) and also to absorb 
thermal strain, i.e. difference in the thermal expan- 
sion rates between the air electrode 2 and the 
separator 4. 

On the other hand, the separator 4 facing both 
the inner air flow passage 'a 1 and the fuel flow 
passage 'g' disposed peripherally of the passage 
'a 1 , is formed of LaCrOa which has good corrosion 
resistance against the oxidizing atmosphere and 
against oxidation-reduction atmosphere and high 
conductivity as the cell terminal as well. The air 
electrode 2 is formed of LaMn03 and the fuel 
electrode 3 is formed of cermet of Ni and Zr02- 

The electrolytic layer 1 is formed of ZxOz hav- 
ing a tetragonal structure with solid solution of Yt in 
the approximate order of 3 mol%. This electrolytic 
layer 1 acts as, a core member for assuring me- 
chanical strength of the entire multi-layered con- 


struction of the cell. 

Figs. 5 and 6 illustrate a cell assembly consist- 
ing of a plurality of the fuel cells C each having the 
above-described construction. In this assembly, the 

5 fuel electrode 3 of one of an adjacent pair of cells 
C is positioned in opposition to the separator 4 of 
the other cell C of the pair, and further a band- 
shaped interposing member 6 is provided between 
the adjacent cells C so as to partially connect 

to between the opposing fuel electrode 3 and the 
separator 4. Then, a plurality of the above assem- 
blies are placed one on the other, with the interpos- 
ing members 6 between the cells C forming the 
fuel flow passage 'g\ 

75 Each interposing member 6 is formed of con- 

ductive material. Accordingly, these interposing 
members 6 function not only to form the fuel flow 
passages 'g' between the cells C but also to elec- 
trically connect the fuel electrode 3 of one cell C 

20 with the separator 4 of another cell C opposing 
thereto. As a result, the plurality of cells C layered 
one on another are electrically connected in series 
with each other without any special electric con- 
nection means therebetween. 

25 By appropriately determining the number of 
layers of the multi-layered construction, the cell 
assembly can provide a desired electric potential. 

Further, the interposing member 6 is formed of 
a felt type conductive material which can advanta- 

30 geously absorb manufacturing tolerance of the 
multi-layered cell construction (i.e. irregularities in 
the inter-layer distance) or thermal strain resulting 
from repeated thermal expansion and contraction of 
the assembly during electricity generating opera- 

35 tion. 

Such felt type conductive material for forming 
the interposing member 6 comprises e.g. felt ma- 
terial of Ni which is advantageous for its corrosion 
resistance against oxidation-reducing atmosphere. 

40 In the multi-layered cell construction, the cells 
C are so arranged that the air flow passages 'a' 
may be oriented in the same direction. On the 
other hand, the band-shaped interposing members 
6 beteween the layers are arranged normal to the 

45 air flow passages 'a 1 . That is, at opposed sides of 
the multi-layered construction relative to the lon- 
gitudinal direction of the interposing members 6, an 
air feed chamber acting like a header commu- 
nicated with the respective air flow passages 'a* 

so and an air exhaust chamber are disposed sepa- 
rately from each other at the respective opposite 
sides. Whereas, the fuel flow passages 'g' formed 
between adjacent pair of cell layers extend along 
the longitudinal direction of the interposing mem- 

55 bers 6. 

Incidentally, the fuel flow passages 'g 1 are 
formed as one continous passage communicating 
in series with each other at the opposite sides of 
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the multi-layered cell construction.' That is to say, 
with this construction of the invention, it is no 
longer necessary to form, inside the multi-layered 
cell construction of the fuel cell, a plurality of 
separate fuel flow passages which number cor- 
responds to the number of the cell layers constitut- 
ing the multi-layered construction. Consequently, 
the invention has achieved significant simplification 
of the internal construction of fuel cell. 

Figs. 5 and 6 illustrate an assembly condition 
of a pair of the multi-layered cell constructions NC. 
In alignment of such plurality of multi-layered cell 
constructions NC for forming a fuel cell, it is con- 
ceivable, as illustrated in Fig. 7, to arrange these 
cell constructions NC such that the interposing 
members 6 of the respective corresponding layers 
of the constructions NC be connected continuously 
with each other. 

Thus connected interposing members 6 each 
formed of the felt type conductive material serve to 
provide serial electric connection between adjacent 
cells C in each multi-layered cell construction NC. 
Whereas, as the corresponding interposing mem- 
bers 6 of the respective multi-layered cell construc- 
tions NC are connected continously with each oth- 
er, these adjacent multi-layered cell constructions 
NC are electrialiy connected in parallel with each 
other. Then, by appropriately determining the num- 
ber of the multi-layered cell constructions NC to be 
connected in parallel with each other, it is possible 
to construct a fuel cell having a desired capacity. 

Some alternate embodiments of the present 
invention will be specifically described next. 

(i) In a first alternate embodiment of the inven- 
tion, a cell C is constructed as illustrated in Fig. 8. 
This cell C includes an electricity generation unit 
comprised of a three-layered assembly consisting 
of the plate type electrolytic layer 1, the film or 
plate type air electrode (oxygen electrode) 2 and 
the film or plate type fuel electrode 3. Further, the 
plate type separator 4 is attached to the electricity 
generating unit with the separator 4 being opposed 
to the fuel electrode 3. The fuel flow passage 'g' is 
formed between the separator 4 and the fuel elec- 
trode 3. Further, a plurality of conductive members 
5 are dispersed in the fuel flow passage 'g' for 
partially connecting between the separator 4 and 
the fuel electrode 3. Each of these conductive 
members 5 can be formed of a flexible material 
(e.g. a felt material) as an entity separate from the 
separator 4 and the fuel electrode 3. 

Incidentally, preferably, the above flexible ma- 
terial used for forming the conductive member 5 
should have good corrosion resistance against 
oxidation-reducing atmosphere (e.g. a felt material 
of Ni). 

(ii) In the construction of the above section (i) ( 
as illustrated in Fig. 8, it is conceivable to provide a 


pair of band-shaped ridges 4a to be connected with 
the opposed side edges of the fuel electrode 3 
such that these band-shaped ridges 4a close the 
opposed side edges of the fuel flow passage 'g' 
5 thereby to separate this fuel flow passage f g' from 
the outer air flow passage (oxygen-containing gas 
flow passage ) 'a 1 . 

(iii) The elements of the cell construction: the 
electrolytic layer 1 , the air electrode (oxygen elec- 

70 trode) 2, the fuel electrode 3 and the separator 4 
can be formed of a variety of materials other than 
those disclosed in the foregoing embodiment. Also, 
the flexible conductive member 5 can be formed of 
any other appropriate material than the felt type 

15 conductive material disclosed in the foregoing em- 
bodiment. 

(iv) The multi-layered cell construction can be 
formed alternately by assembling a plurality of the 
cells C described in the above section (ii), as 

20 illustrated in Fig. 9. In this construction, the air 
electrode (oxygen electrode) 2 of one of an adja- 
cent pair of cells C is placed in opposition to the 
separator 4 of the other cell C, and these air 
electrode 2 and the separator 4 are partially con- 

25 nected with each other through the interposing 
member 6. And, this interposing member 6 is 
formed of a flexible conductive material (e.g. a felt 
type conductive material) and the gaps between 
respective adjacent cells C are used as the air flow 

30 passages (oxygen-containing gas flow passages) 
'a 1 . 

in this case, it is preferred that the interposing 
member 6 be formed of a material having good 
corrosion resistance against oxidizing atomosphere 
35 (e.g. a felt material of LaMn03 or of LaCr0 3 ). 

(v) It is conceivable to arrange as plurality of 
the multi-layered cell constructions described in 
the above section (iv) with the interposing mem- 
bers of the corresponding layers of the adjacent 

4o constructions being formed continuous with each 
other. 

(vi) As the oxidizing agent, oxygen or oxygen- 
rich air can be employed in place of the air used in 
the foregoing embodiment. Therefore, in the 

45 present specification, these agents are generically 
referred to as the oxygen-containing gas. 

Also, the reducing agent can vary depending 
on the convenience. 

(vii) The specific shapes of the conductive 
so member in the cell assembly and of the interposing 

member in the multi-layered cell construction are 
not limited to those disclosed in the foregoing 
embodiment. 

(viii) The band-shaped ridge 4a of the separa- 
55 tor 4 can be affixed to the plate type- electrolytic 

layer 1. Further, in the separator 4, the flat-plate- 
shaped main portion and the band-shaped ridge 4a 
can be formed separately from each other. 
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A still further alternate embodiment will be de- 
scribed next with reference to Figs. 10 through 13. 

In the cell C of this embodiment, inside the 
oxygen-containing gas flow passage V, there are 
disposed a winding water-cooling pipe 21 and a 
flexible felt type conductive member 5 capable of 
absorbing thermal strain. The conductive member 
5 is affixed to the oxygen electrode 2 and the 
separator 4 by means of a high-temperature resis- 
tant adhesive 23 such as of ceramics. With this 
construction, the conductive member 5 serves to 
retain the water-cooling pipe 21 and also to pro- 
mote heat conduction from the oxygen electrode 2 
to the water-cooling pipe 21, whereby there is 
formed an electricity passage having a large sec- 
tional area from the oxygen electrode 2 to the 
separator 4 acting as a cell terminal. 

The conductive member 5 can be formed of a 
felt type metal material such as Ni alloy or Co- 
based alloy having good heat resistance and oxida- 
tion resistance. 

A plurality of the cells C are vertically oriented 
and aligned side by side, such that the fuel flow 
passage 'g' is formed inside the cell assembly by 
partition walls 8a through Sd. Further, between 
adjacent cells C t there are provided the interposing 
members 6, and all the fuel poles 3 of the cells C 
are opposed to the fuel flow passage 'g' and all the 
cells C are serially connected with each other 
through the interposing members 6. 

The partition walls 8a through 8d can be 
formed of such material as having good electricity 
insulating property and good heat insulating prop- 
erty. 

The interposing member 6 can be formed of an 
appropriate material such as felt type Ni material 
having sufficient flexibility to absorb thermal strain 
and good corrosion resistance against oxidation 
reduction. 

To each inlet opening of the oxygen-containing 
gas flow passage 'a' inside the cell C, there is 
connected, via a further flow passage 16, an 
oxygen- containing gas feed passage 13 formed 
downwardly of the fuel flow passage , g l by the 
partition walls 8a and 11. Further, to each outlet 
opening of the oxygen-containing gas flow passage 
'a 1 , there is connected, via a flow passage 17, an 
exhaust passage 15 formed upwardly of the fuel 
flow passage 'g' by the partition walls 8b and 14. 

Also, an exhaust passage 18 of the fuel flow 
passage 'g 1 and the exhaust passage 15 of the 
oxygen-containing gas flow passage 'a 1 are con- 
nected to a burner 19, and a heat exchanger 20 is 
provided for pre-heating the oxygen-containing gas 
to be fed to the oxygen-containing gas feed pas- 
sage 13 up to approximately 600 degrees in Cel- 
sius by means of a high-temperature exhaust gas 
from the burner 19. 
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in operation, the oxygen-containing gas such 
as air, oxygen-rich gas or oxygen is pre-heated 
and fed to the oxygen-containing gas flow passage 
'a' while a fuel gas as H2 supply source is fed to 

5 the fuel flow passage 'g\ Electricity is generated 
by the function of the electrolytic layer 1 of the 
respective cell C and this electricity is collected 
from the serially connected cells C. Further, with 
the aid of the cooling effect of the water-cooling 

70 pipe 21 , the cells C can be maintained at approxi- 
mately 1 ,000 degrees in Celsius so that the cells C 
can constantly generate electricity efficiently. 

At a recess 12 of the partition wall 8a section- 
ing between the fuel flow passage 'g 1 and the 

75 oxygen-containing gas feed passage 13, a lower 
end of the cell C is fixedly inserted, whereas, an 
upper end of the cell C is freely insertible to and 
withdrawable from the partition wail 8b sectioning 
between the fuel flow passage 'g' and the exhaust 

20 passage 15. 

That is to say, the weight of the cell C per se 
effectively serves to seal the gap between the cell 
C and the partition wall 8a against leakeage there- 
from. With this, any inadverent mixture of the fuel 

25 and the oxygen-containing gas can be advanta- 
geously avoided. Moreover, the above arrangement 
serves to absorb upward thermal distortion of the 
cell C, thereby effectively preventing breakage of 
the cell C and the partition wails 8a and 8b. 

30 A water-supply header 22 for the water-cooling 
pipe 21 is provided inside the oxygen-containing 
gas feed passage 13, and adjacent this header 22, 
the water-cooling pipe 21 forms a curved portion 
21a adapted for preventing thermal strain. 

35 Inside the oxygen-containing gas exhaust pas- 
sage 15, there is provided a water-recovering head- 
er 25 for the water-cooling pipe 21, and adjacent 
this header 25, the water-cooling pipe 21 forms a 
further curved portion 21b adapted for preventing 

40 thermal strain. 

A further alternate cell construction will be de- 
scribed next with reference to Fig. 14. 

'In this alternate cell construction, the separator 
4 is attached only to the fuel electrode 3 and the 

45 fuel flow passage 'g 1 is formed between the fuel 
electrode 3 and the separator 4. The winding 
water-cooling pipe 21 is provided inside this fuel 
flow passage *g\ And, the interposing member 6 of 
Ni or the like is also provided inside the passage 

50 'g*. The interposing member 6 is affixed to the fuel 
electrode 3 and to the separator 4 by means of the 
high-temperature resistant adhesive 23 such as of 
ceramics material. This interposing member 6 
serves to retain the water-cooling pipe 21 and also 

55 to promote heat conduct ion from the fuel electrode 
3 to the water-cooling pipe 21, whereby there is 
formed an electricity passage having a large cross 
sectional area from the fuel electrode 3 to the 
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separator 4 acting as a cell terminal. 

The separators 4 can be attached to both the 
oxygen electrode 2 and the fuel electrode 3. In this 
case, the water-cooling pipe 21 and the conductive 
member 5 are provided in the oxygen-containing 
gas flow passage 5 and the fuel flow passage 'g\ 

It is also conceivable to provide a plurality of 
the water-cooling pipes 21 in the oxygen-containing 
gas flow passage 'a' or in the fuel flow passage 'g\ 

In a modified construction, a plurality of cells C 
each forming the oxygen-containing gas flow pas- 
sage 'a 1 or the fuel flow passage 'g' with the 
separator 4, are laterally oriented and positioned 
one on another to form the fuel flow passage , g l or 
the oxygen-containing gas flow passage 'a' inside 
the assembly. Whereas, between adjacent cells C, 
there is formed the fuel flow passage 'g' or the 
oxygen-containing gas flow passage 'a\ 

The band-shaped ridge 4a of the separator 4 
can be affixed to the plate type electrolytic layer 1 . 
Further, in the separator 4, the flat plate like main 
portion and the ridges 4a can be formed separately 
from each other. 

The conductive member 5 or 6 in the cell C 
can be eliminated. 

The specific constructions of the feed and ex- 
haust passages for the oxygen-containing gas flow 
passage 'a 1 and the fuel flow passage 'g 1 can vary 
conveniently. 

The invention may be embodied in other spe- 
cific forms without departing from the spirit or 
essential characteristics thereof. The present em- 
bodiments are therefore to be considered in all 
respects as illustrative and not restrictive, the 
scope of the invention being indicated by the ap- 
pended claims rather than by the foregoing de- 
scription and all changes which come within the 
meaning and range of equivalency of the claims 
are therefore intended to be embraced therein. 


Claims 

1. A fuel cell having: 
an electrolytic layer 1; 

an oxygen pole 2 attached to one face of said 
electrolytic layer 1 ; 

a fuel pole 3 attached to the other face of said 
electrolytic layer 1 ; 

a separator 4 formed of electrically conductive ma- 
terial and disposed in opposition to said oxygen 
pole 2 to be electrically connected therewith; 
an oxygen-containing gas flow passage (a) formed 
between said oxygen pole 2 and said separator 4; 
characterized by 

a conductive member 5 disposed in said oxygen- 
containing, gas flow passage (a), said conductive 
member 5 being formed of flexible material and 


separately from said oxygen pole 2 and said sepa- 
rator 4 for connecting entire or partial faces respec- 
tively of said oxygen pole 2 and said separator 4 
with each other. 
5 2. A fuel cell as defined in Claim 1, 
characterized in that 

said electrolytic layer 1 is formed as a plate mem- 
ber while said oxygen pole 2 and said fuel pole 3 
sare formed as a film or plate member, respec- 
w tively. 

3. A fuel cell as defined in Claim 1 or 2, 
characterized in that 

said conductive member 5 comprises a felt type 
member formed of one or two of the group consist- 
75 ing of La compound, Ni-based alloy and Co-based 
alloy. 

4. A fuel cell as defined in Claim 3, 
characterized in that 

said La compound comprises LaMn03. 
20 5. A fuel cell as defined in Claim 2, 
characterized in that 

said electrolytic layer 1 is formed of Zr0 2 with 
solid solution of Yt. 
.6. A fuel cell as defined in Claim 2, 
25 characterized in that 

said oxygen pole 2 is. formed of LaMnC>3. 

7. A fuel cell as defined in Claim 2, 
characterized in that 

said fuel pole 3 is formed of cermet of Ni and 
30 Zr02. 

8. A fuel cell having: 
an electrolytic layer 1; 

an oxygen pole 2 attached to one face of said 
electrolytic layer 1 ; " 
35 a fuel pole 3 attached to the other face of said 
electrolytic layer 1 ; 

a separator 4 formed of electrically conductive ma- 
terial and disposed in opposition to said fuel pole 3 
to be electrically connected therewith; 
40 a fuel flow passage (g) formed between said fuel 
pole 3 and said separator 4; 
characterized by 

a conductive member 5 disposed in said fuel flow 
passage (g), said conductive member 5 being 
45 formed of flexible material and separately from said 
fuel pole 3 and said separator 4 for connecting 
entire or partial faces respectively of said fuel pole 
3 and said separator 4 with each other. 

9. A fuel cell as defined in Claim 8, 
so characterized in that 

said electrolytic layer 1 is formed as a plate mem- 
ber while said oxygen pole 2 and said fuel pole 3 
are formed as a film or plate member, respectively. 

10. A fuel cell as defined in Claim 8 or 9, 
55 characterized in that 

said conductive member 5 comprises a felt type 
member formed of Ni. 

1 1 . A fuel cell as defined in Claim 9, 
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characterized in that 

said electrolytic layer 1 is formed of Zr02 with 
solid solution of Yt. 

12. A fuel cell as defined in Claim 9, 

characterized in that 5 
said oxygen pole 2 is formed of LaMn03. 

13. A fuel cell as defined in Claim 9, 
characterized in that 

said fuel pole 3 is formed of cermet of Ni and 
Zr0 2 . 10 

14. A fuel cell as defined in Claim 1 or 8, 
characterized in that 

said oxygen-containg gas flow passage (a) or said 
fuel flow passage (g) includes therein a water- 
cooling pipe 21 . T5 

15. A fuel cell as defined in Claim 14, 
characterized in that 

said water-cooling pipe 21 has a winding shape. 

16. A fuel cell as defined in Claim 15, 

characterized in that 20 
said water-cooling pipe 21 is surrounded by said 
flexible conductive member 5. 


25 
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40 
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